Water contamination is a phenomenon of global concern resulting from human activities. Coliform bacteria reduce water quality and negatively affect public health. The pollution of surface and groundwater by coliform bacteria, including Escherichia coli, originate, in general, from point sources of pollution derived from human settlements, such as those located in Module I-1, Irrigation District 035, La Antigua, Veracruz, Mexico. The objective of this study was to assess the level of contamination of surface and groundwater by coliform bacteria and E. coli, as well as to identify point sources of water contamination by these bacteria in the sugarcane agroecosystem of Irrigation Module I-1, La Antigua. Sampling sites included deep wells, irrigation canals and natural streams near point sources of pollution. The determination of total coliform bacteria and E. coli were made in accordance with Mexican Standard NMX-AA-042-1987. Total coliform results revealed differences between groundwater (198.6 MPN/100 mL) and surface water concentrations (52,419.2 MPN/100 mL) (p < 0.05), and between irrigation water (76,501.1 MPN/100 mL) and concentrations in natural streams (28,337.3 MPN/100 mL). The highest concentration of E. coli was found in groundwater and surface water samples from the municipality of La Antigua. The primary sources of contamination are the discharges from drains and septic tanks. Total coliform values exceeded permissible limits established by NOM-127-SSA1-1994 that regulates the permissible water quality limits for human use and consumption. The presence of E. coli represents a significant public health risk.
Introduction
Water contamination is a global concern for humanity, and is defined as an addition of energy or substances which alter the natural state of the environment, and are caused by anthropogenic activities on the surface of the earth (Krupa, 1999; Pérez y Landeros, 2009; Rebolledo et al., 2011) . On the other hand, water pollution is the contamination of natural water bodies by chemical, physical, radioactive or pathogenic microbial substances directly or indirectly discharged into water bodies without adequate treatment to remove harmful compounds (Hogan, 2014) . Contamination can be atmospheric, aquatic, edaphic, genetic, chemical and biological. As well, pollution and contamination are classified as being from point (entering the environment from definable points; e.g. a drainage pipe) or non-point sources (entering the environment diffusely; e.g. surface runoff). Microbiological contamination can be due to viruses, bacteria, protozoa and fungi that come mainly from sewage discharge and other human activities, as well as physicochemical and ecophysical processes occurring in aquatic systems due to increased human population levels and industrial development (Wong & Barrera, 1996; Martinez, Fonseca, Ortega, & Garcia, 2009; . Bacterial contamination from total coliforms in surface water and groundwater originates from point sources such as latrines, septic tanks, trails, cattle pens or stables, discharges of untreated sewage and runoff of rainwater containing fecal material (Sasson, 1993; Herrero et al., 2000; Perdomo, Casanova, & Ciganda, 2001; Castañeda, Pardio, Orrantia, & Lango, 2005; Camargo & Alonso, 2007; Rebolledo et al., 2011) . Non-point sources of microbiological and physicochemical contamination are associated with high production levels in agroecosystems. It is estimated that a person can defecate between 100 to 500 million coliform bacteria per gram of fecal matter and generate a number of infectious diseases such as typhoid, paratyphoid, cholera, infant diarrhea and bacillary dysentery (caused by Shigella bacteria) (Orozco & Gutiérrez, 1983; Landeros-Sánchez et al., 2012) . Gastrointestinal diseases related to bacterial contamination are influenced by economic, health and cultural factors (Camargo & Alonso, 2007) . Of particular importance is the bacterium Escherichia coli which is an indicator of fecal contamination, and is well-studied genetically, biochemically and physiologically (Ramirez, Contreras, & Gómez, 2005) .
Ecosystems have biological, ecological and aesthetic value, but agroecosystems have social values in terms of food production and other forms of use or consumption. The agroecosystem concept is presented as an option for efficient economic, social and environmental management, and as a conceptual model of farming with a minimum level of human cybernetic control. It is the optimal unit for studying agriculture and its transformation because it is integrated into regional agricultural and rural systems through human production-consumption chains, and is affected by politics and the culture of public and private institutions. The agroecosystem is an open system built from the social modification of a natural system, has dynamic feedback and control processes, and is internally and externally regulated in response to internal and external variations in its environment. The spatial area, biodiversity and objectives of an agroecosystem depend on the type of controller that regulates the resources it manages and its complex interactions with the environment (Martínez, Gallardo, Bustillo, & Pérez, 2011; Del Angel, Diaz, Guajardo, & Linares, 2011; Galaviz-Villa, Landeros-Sánchez, Castañeda-Chávez, & Lango-Reynoso, 2012) . In the present study, the focus on the agroecosystem was from the structural-functionalist perspective, and did not consider the involvement of a driver, as is done when only one process occurring in the agroecosystem is studied, such as bacteriological contamination. Here, the sugarcane agroecosystem is highlighted by the cultivation area of Irrigation Module I-1, La Antigua, Veracruz, Mexico, within which the aquatic sampling points and small cities and rural villages are located. The surface area covered by sugarcane in the study area is 13,793 hectares, and includes portions of the municipalities of La Antigua, Paso de Ovejas, Puente Nacional and Úrsulo Galván. Irrigation Module I-1 was legally established as a Civil Association (A.C.) in 1993, and is called Asociación de Usuarios de Riego del Modulo de Riego I-1, La Antigua, A.C. Subsequent references to the Association will be made as Irrigation Module I-1, La Antigua.
Extreme weather can cause spills, runoff and infiltration of wastewater containing fecal matter into streams, swamps, reservoirs and coastal waters that increase the volume of contaminated surface water and groundwater (Perdomo et al., 2001; Bautista, Aguilar, & Batllori, 2011) . As well, human settlements within an area contribute to pollution and contamination (Juarez, Martinez, Diaz, Perez, & Brust, 1990; Perdomo et al., 2001; Galaviz-Villa et al., 2012; Landeros-Sánchez et al., 2012) . Contamination from total coliforms and E. coli in surface and groundwater is also related to political and technological actions, such as the lack of effective enforcement of the National Water Act and Mexican Official Standards (Moreno et al., 2002) . Chemical or biological contamination of aquifers is considered an irreversible phenomenon that must be addressed by relevant authorities (De las Heras & Moreno, 2005) . Based on this, the hypothesis of this work consider that point and non-point sources of pollution located in sugarcane Irrigation Module I-1, La Antigua, Veracruz, Mexico, are the main contaminants of surface and groundwater by coliform bacteria, including E. coli. Thus, this study was conducted to assess total coliform bacteria and E. coli contamination in surface and groundwater in sugarcane agroecosystem, Irrigation Module I-1, La Antigua, Veracruz, Mexico.
Method

Characterization of the Study Area
The research was conducted in sugarcane Irrigation Module I-1, La Antigua, Veracruz, Mexico, located in Irrigation District 035 (Figure 1 ). The study area is located in the central portion of the state of Veracruz between 19°09′ and 19°25′N and 96°17′ and 96°25′W, and covers 13, 793 
Diagnostic Phase of the Study Area
To determine the sampling points for bacterial contamination, data were provided by technicians from the Irrigation Module I-1, La Antigua A.C., which consisted of identifying mapped locations and distributions of groundwater and surface water supplies in the field during October to December, 2012. The point sources of bacterial contamination were identified visually with help of users of the irrigation Module. Sampling points (32) were within the municipalities of La Antigua, Paso de Ovejas and Úrsulo Galván, and included groundwater sources from deep wells (for drinking water and irrigation), domestic wells, natural surface waters (Río La Antigua, Río Chico, and Río Tolome) and irrigation canals (main distribution frame, main channel, side channel, Drain 1).
Sampling Groundwater and Surface Water
Water samples were collected from wells, waterwheels, irrigation canals and streams according to 
Analysis of Total Coliforms and E. coli
Total coliforms and E. coli were determined for each sample according to Mexican standard operating protocol NMX-AA-042. The most probable number (MPN) was determined for total coliforms while E. coli was assessed using presence/absence. For this, the Colilert method was used and consisted in utilizing Quanti-Trays of 48 holes. In a sterile beaker, 90 mL of sterile distilled water was mixed with 10 mL of each sampling water and the Colilert reagent; the mixture was poured on the Quanti-Trays, which were incubated at 35 ± 1 °C for 24 and 48 h to determine total coliforms and E. Coli, respectively. Three replicates per sample of water were used.
Statistical Analysis
For this research work three replicates were used in each water sampling site (32). The results analytic process was carried out by means of graphic parametric variance analyses (F test) using "Statistica" Version 11 Software. In Figure 2 and 3 can be observed that the populations which are statistical different do not overlap. The value of Z = 1.645 is the point where the confidence probability of a standard normal distribution is equal to 95 % and if the boxes of the mean values of the populations do not overlap then it is interpreted that these populations are statistical different. Therefore, there are statistical differences between the ground and surface populations (Figure 2 ) and between La Antigua and the municipalities of Paso de Ovejas and Ursulo Galván (Figure 3 ).
Results and Discussion
Concentrations of total coliforms were higher in surface waters (52,419.2 MPN/100 mL) than in groundwater (198.6 MPN/100 mL) (P < 0.01) ( Figure 2) ; this might indicate the existence of point sources of bacterial contamination within sugarcane Irrigation Module I-1, La Antigua. In Mexico, it is reported that homes, small factories, roads and hospitals discharge thousands of cubic meters of waste per year into channels, drains, main reservoirs and streams (Gordillo et al., 2010) . Méndez, San Pedro, Castillo, and Vazquez (2010) and Camargo and Alonso (2007) reported that coliform concentrations in groundwater and surface water imply the presence of bacterial genera Citrobacter, Enterobacter, Escherichia, Hafnia, Klebsiella, Serratia and Yersinia; so the Vol. 7, No. 6; 2015 presence of these bacteria could pose a risk to human health in the communities surrounding sugarcane Irrigation Module I-1, La Antigua, Veracruz.
Total coliform concentrations varied among municipalities, with La Antigua having the highest concentration (38,000MNP/100 mL) followed by Paso de Ovejas (11,000 MPN/100 mL) and Úrsulo Galván (4,500 MPN/100 mL) (Figure 3 ). Thus, it is likely that there are point sources of bacterial contamination affecting water irrigation channels, streams, shallow water and deep wells. Even though the water samples were equally distributed between regions, the differences in the coliform concentrations appeared to be so because of the presence of the main cities, some rural villages, hospitals, and a sugarcane factory, which likely contributed through their various waste discharges to the referred high bacteria concentrations.
The concentration of total coliforms was higher in water from irrigation canals; followed by streams, shallow water and deep wells (P < 0.01, Table 1 ). No statistically significant differences between shallow and deep wells were found when using Fisher LSD Test. Total coliform levels in shallow and deep wells, streams and irrigation canals exceeded permissible limits established by Mexican Official Standard NOM-127-SSA1-1994 that regulates water quality for human use and consumption. However, total coliform concentrations from deep and shallow wells did not exceed the permissible limits for total coliforms established in Mexican Official Standard NOM-033-ECOL-1997, which regulates pollutants in treated wastewater to be reused in public services. Vol. 7, No. 6; 2015 Total coliform values found in this study ( (Sarabia, Cisneros, Aceves De, Durán, & Castro, 2011) . These criteria indicate that the organisms in fresh or sea water should not exceed 200 NMP/100 mL.
The average total coliform concentration among the sampling points (28,337.2 MPN/100 mL) exceeded 300 MPN/100 mL reported by Chagas et al. (2006) from surface waters in Argentina. As well, Lango et al. (2012) and Landeros-Sánchez et al. (2012) reported that total coliforms in lagoon systems were affecting public health.
The total coliform concentrations in samples from the irrigation canals in Irrigation Module I-1 (Table 2) were higher in water leaving the canals. This occurs because some canal routes cross communities and are used by people to discharge sewage, domestic waste and that from animal husbandry activities. The irrigation water eventually mixes with streams and aquifers, resulting in the deterioration of water quality (Pacheco, Cabrera, & Pérez, 2004) . Coliform bacteria can survive in slow moving and highly polluted groundwater. The increased concentrations of coliform bacteria in irrigation canals probably indicate that the water also contains other pathogens (Perdomo et al., 2001) . Table 2 shows statistically significant differences among the total coliform concentrations in samples from three irrigation canals and Drain 1, with the latter having the highest mean value (129,332.5 MPN/100 mL). Drain 1 receives discharges from the Instituto Mexicano del Seguro Social (IMSS) clinic in the city of Cardel, Veracruz, wastewater runoff from the urban and rural zones in Irrigation Module I-1, La Antigua, and agrochemicals from sugarcane cultivation . The rate with which contamination occurs depends on chemical, physical and biological soil characteristics (Pacheco et al., 2004) . Note. Mean values comparison by using Fisher LSD Test at a significance probability p < 0.01. The presence of different letters means that there exists a statistical difference. NOM = Official Mexican standards, MPN=Most probable number. Note. Mean values comparison by using Fisher LSD Test at a significance probability p < 0.01. The presence of different letters means that there exists a statistical difference. MPN = Most probable number.
All water samples showed presence of E. coli (Figure 4 ). This bacterium was found in all water samples from streams (100%), followed by the samples from irrigation canals (83%), deep wells (30%) and shallow wells (22%). Of the total water samples obtained from 32 sampling points, 63% were from groundwater and 37% from surface water. Of the groundwater samples analyzed, 27% were contaminated with E. coli and 73% were www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 6; 2015 negative. Among surface water samples, 92% were positive for E. coli, and 8% were negative ( Figure 5 ). It has been found that among groundwater samples from deep wells, E. coli and other coliforms increased the total assimilation rate of NO 3-and O 2 to synthesize amino acids and proteins (Perdomo et al., 2001) . The biophysical and environmental conditions, nitrogen content, resistance to pH conditions and soil factors allow E. coli to survive in groundwater (Cifuentes & Ruiz, 1994; Juarez, Silva, Uribe, & Cifuentes, 2003) .
Contamination of surface and groundwater by E. coli is a risk to public health since this bacterium causes human illnesses such as diarrhea in children and adults, as well as inflammatory diarrhea. The latter is characterized primarily by bacteria attacking intestinal epithelia (Landeros-Sánchez et al., 2012) . In Figures 3 and 4 , values for E. coli exceeded the limits set by the official standard NOM-127-SSA1 1994; water for potable use and consumption should not contain E. coli. Several groups of these bacteria can severely affect children 1 to 8 years of age and cause death, especially if Hemolytic Uremic Syndrome (HUS) is involved, which primarily occurs when water contaminated with this bacteria is ingested (Michanie, 2003; Perez, Rodriguez, & Rulli, 2009) . Therefore, it is recommended that water be tested for the presence of Escherichia coli, particularly enteropathogenic E. coli (EPEC), which causes diarrhea in children less than two years of age in developing countries. This pathogen causes histological damage to the mucosa of the small intestine and can cause death in children (Vidal, Canizalez, Gutierrez, & Navarro, 2007) . Thus, health authorities in Mexico (federal, state and local, and public health institutions) must monitor water bodies vigilantly to ensure that official standards are not being surpassed and that the tests are effective and timely. Vol. 7, No. 6; 2015 Surface waters transport high concentrations of coliform bacteria and E. coli into groundwater, revealing that bacterial contamination of groundwater occurs due to runoff and infiltration processes (Ferguson, De Rodahusman, Altavilla, Deere, & Ashbolt, 2003; Guber, Sheldon, & Pachepsky, 2005) . The approach used in the present study ( Figure 6 ) facilitated understanding of the phenomenon and identification of point sources of bacterial contamination occurring within sugarcane Irrigation Module I-1, La Antigua. Therefore, point sources of bacterial contamination were identified as septic tanks, latrines, and sewage discharges to streams, irrigation canals and drains. 
Conclusions
The concentration of total coliforms and E. coli in both surface and groundwater from deep and shallow wells, streams and irrigation canals exceeded permissible limits (NOM-127-SSA1-1994, Mexican Official Standard for human use and consumption). The concentration of total coliforms from deep and shallow wells did not exceed the maximum permissible limits for contaminants (NOM-033-ECOL-1997, Wastewater) . Contamination from total coliform bacteria and E. coli was provided by point sources such as septic tanks, sewage and hospital waste which are discharged into irrigation canals and streams. In addition, some portion of the total coliforms and E. coli that enter the water conveyance system used to irrigate sugarcane comes from the La Antigua River, which supplies Irrigation Module I-1, La Antigua. Therefore, contamination and pollution from total coliform bacteria and E. coli are risks to the health of the residents of the urban and rural areas contained therein. Thus, it is necessary to establish a culture of environmental stewardship, particularly water quality, to ensure that Mexican Official Standards be applied efficiently in order to prevent further negative impacts to the environment and public health.
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